Background Prescription drug misuse is a growing public health concern globally. Routinely collected data provide a valuable tool for quantifying prescription drug misuse. Objective To synthesize the global literature investigating prescription drug misuse utilizing routinely collected, person-level prescription/dispensing data to examine reported measures, documented extent of misuse and associated factors. Methods The MEDLINE, EMBASE, CINAHL, MED-LINE In Process, Scopus citations and Google Scholar databases were searched for relevant articles published between 1 January 2000 and 31 July 2013. A total of 10,803 abstracts were screened and 281 full-text manuscripts were retrieved. Fifty-two peer-reviewed, Englishlanguage manuscripts met our inclusion criteria-an aim/ method investigating prescription drug misuse in adults and a measure of misuse derived exclusively from prescription/dispensing data. Results Four proxies of prescription drug misuse were commonly used across studies: number of prescribers, number of dispensing pharmacies, early refills and volume of drugs dispensed. Overall, 89 unique measures of misuse were identified across the 52 studies, reflecting the heterogeneity in how measures are constructed: single or composite; different thresholds, cohort definitions and time period of assessment. Consequently, it was not possible to make definitive comparisons about the extent (range reported 0.01-93.5 %), variations and factors associated with prescription drug misuse.
Introduction
Research demonstrates a high degree of variability in how drugs are prescribed and used [1] . Drugs including sedatives, anxiolytics, analgesics and stimulants are often taken excessively to enhance desired effects [1] . The consequences of excessive use are a major public health concern and include drug tolerance [2, 3] , increased risk of side effects [3] [4] [5] , overdose [6] , dependence [7] , hospitalization [5] or death [2, 8, 9] . These risks are escalated with concomitant prescription drug, alcohol or illicit drug use [10] [11] [12] [13] [14] [15] [16] .
Research methodologies, including medical chart [17] , surveys [18] , qualitative [19, 20] and observational studies [21] , have been used to explore prescription drug misuse. In recent decades, the growing availability of routinely collected health information has increased opportunities to undertake population-based surveillance of prescription drugs. The evidence generated from routinely collected data can further enhance our understanding of prescription drug misuse, patient and prescriber behavior outcomes of misuse, and influence policy changes on these issues.
There are no universally accepted definitions of prescription drug misuse [22, 23] making quantification challenging. Due to the limited clinical information held in routine data collections, prescription drug misuse is not directly measured at the population level [23] but is commonly inferred based on patterns of drug access and by investigating patient interactions with prescribers and pharmacies.
In response to concerns about the management of chronic pain treated with opioid analgesics, the US FDA has recently sought submissions related to the post-market surveillance of extended release and long-acting opioid formulations [24] . In particular, the Food and Drug Administration (FDA) requested submissions relating to defining misuse, abuse, addiction and their consequences measured in routine data collections [24] . Clearly, synthesizing the global literature will add significant value to this endeavor.
Our timely systematic review aims to examine the measures, extent and factors associated with prescription drug misuse in observational studies based on routinely collected person-level prescription or dispensing data.
Methods

Eligible Studies
The review included English-language, peer-reviewed manuscripts published between 1 January 2000 and 31 July 2013, which satisfied the following criteria:
• the aim or method investigated prescription drug misuse; • measure of prescription drug misuse derived exclusively from person-level prescription/dispensing data; • investigated misuse in adult persons (C18 years).
Grey literature (government reports), case reports, letters, editorials, opinion pieces, reviews and conference abstracts were excluded.
Study Identification
Search Strategy (Electronic Supplementary Material [ESM] 1)
A search was conducted of the MEDLINE, EMBASE, CINAHL and MEDLINE In Process databases combining keywords and subject headings to identify studies investigating prescription drug misuse measured in routinely collected prescription/dispensing data using observational approaches. Search terms included misuse, problematic; prescription drugs; factual databases; population surveillance, cohort studies. Three further searches were completed using Google Scholar [25] (reviewed first 200 results per search), Scopus citations (for articles citing included manuscripts) and screened back references of included studies, review articles and selected excluded studies. Two reviewers (BB and LM) screened the abstracts and titles of articles to identify potentially relevant studies. These studies were assessed independently (BB and LM) for inclusion in the review using a five-item tool based on the eligibility criteria (ESM 2). A third reviewer (SP) arbitrated when consensus about inclusion was not reached (18 % of articles).
Data Extraction
Two independent reviewers (BB and LM) completed comprehensive data extraction for articles meeting our eligibility criteria (ESM 3), with the following information being extracted: • stand-alone investigated a single characteristic or behavior (e.g. the proportion of persons accessing 'C4 prescribers' in 6 months); or • composite in drug-user cohorts, the measurement of two or more characteristics or behaviors (e.g. the proportion of persons using 'C4 prescribers AND C4 dispensing pharmacies' in 6 months). In misuse cohorts (e.g. defined by persons using 'C4 prescribers' in 6 months) the measurement of at least one additional characteristic or behavior (e.g. the proportion of misusers accessing 'C4 dispensing pharmacies' in 6 months). 
Terminology
In the global literature, a range of terms are used to encapsulate prescription drug misuse including abuse, dependence, diversion, misuse, problematic or non-medical use [1, [28] [29] [30] . As such, our search strategies included 24 unique misuse-related terms to capture relevant articles. For the purposes of this review, we use the umbrella term 'prescription drug misuse' to capture the continuum of misuse, ranging from use above the norms, through to dependence, abuse and diversion. This is consistent with the FDA's terminology in their recent call for submissions on post-market opioid surveillance [24] .
Analysis
In reviewed studies there was considerable variation in study design including: study population(s), drug(s) of interest, definition(s) of misuse and outcome measures. Due to this variation, it was not possible or appropriate to use traditional meta-analytic approaches to pool individual study results. Instead, we provided a descriptive analysis, detailed the key findings of individual studies and summarized study features in tables and figures. Our review is consistent with AMSTAR (A Measurement Tool to Assess Systematic Reviews) and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) reporting criteria (ESM 4).
Results
Studies Identified
The titles/abstracts of 10,803 articles were screened and 281 full-text manuscripts were reviewed. Fifty-two studies met our eligibility criteria; 38 were identified from MED-LINE, EMBASE, CINAHL or MEDLINE In Process, 2 from Google Scholar, 4 from Scopus citations and 8 from back references (Fig. 1 ). The bibliography of the 229 excluded and 52 included studies are detailed in ESM 5 and 6, respectively.
Study Features (Table 1; ESM 7)
The studies were set in the US (27 studies), France (17 studies), Norway (seven studies) or Canada (one study). All studies from Norway used dispensing data for the entire national population; the remaining 45 studies used populations within a specific province, state or region. Of the 52 included studies, 32 (61.5 %) were published between 2010 and July 2013. The median study observation period was 18 months (range 4-132 months; interquartile range [IQR] 12-37.5 months) and the median lag time was 4 years (range 2-15 years; IQR 3-6 years). Twenty-one studies did not report a funding source, and the remaining studies were funded primarily by research grants (15 studies) or the pharmaceutical industry (seven studies). Fifty-one studies utilized dispensing data; one study used prescription data. Forty-six unique terms were used by study authors to encapsulate the concept of 'prescription drug misuse' (Box 1). (Table 1) All studies specified the drug class(es) of interest; the majority focused on opioids (35 studies) and/or benzodiazepines (20 studies). Twenty-nine studies further detailed the specific drugs of interest; the most commonly investigated drugs were codeine (ten studies) and/or diazepam (nine studies). Eleven studies investigated a single drug, five of which focused on buprenorphine, for the indications of opiate maintenance or pain.
Prescription Drugs of Interest
Cohort Characteristics
Thirty-nine studies investigated misuse in a drug-user cohort (dispensed drug of interest); 17 in a misuse cohort (authors determined drug use of cohort to be above the norms), 14 included both cohort types, and one did not define the user group. Approximately 93 million prescription drug-users were observed across the studies with considerable variability in cohort size (\100 persons to[25 million persons). Twenty-six studies used a comparison cohort differing from the other cohort most commonly due to the drug of interest (nine studies); nature, degree or extent of misuse (seven studies) or region of residence (five studies). Two studies matched the cohorts on specific variables, including month of index prescription, geographic area of pharmacy, prescriber specialty, age and/or number of prescriptions (total and for drugs with abuse potential).
Measures of Prescription Drug Misuse (Table 2; ESM 8)
Fifty studies defined a measure with a specific misuse threshold (e.g. C4 prescribers). Overall, four behaviors were the basis of the misuse measures, either alone or in combination: number of prescribers, number of dispensing pharmacies, volume of drug(s) dispensed and/or overlapping prescriptions/early refills. Twenty-four studies used at least one stand-alone measure of misuse, 46 studies used at least one composite measure of misuse and 20 studies used both types of measures. Of the 46 studies that used a composite measure, only five reported the proportion of the cohort exhibiting each component of a composite measure [31] [32] [33] [34] [35] . The other studies did not detail the relative contribution of each component to the extent of misuse.
The Extent of Prescription Drug Misuse (ESM 8)
The extent of misuse ranged from 0.01 to 93.5 %, and was generally higher for stand-alone measures compared with composite measures (for the latter, individuals needed to exhibit at least two characteristics or behaviors, as opposed to one). The variability in the extent of misuse reported across the studies reflected the heterogeneity in methodology; more specifically, measures and thresholds of misuse, cohort definitions and the time period of assessment.
Measures and Thresholds of Misuse
Overall, 89 unique definitions of misuse were identified across 50 studies; only 13 measures were utilized in two or more studies (32 studies in total). There appeared to be an attempt to use pre-existing measure(s) of misuse within, but not between, research groups; however, some groups changed their misuse measures between studies. Sixteen studies reported the number of prescribers and/ or dispensing pharmacies accessed routinely by drug-users. As thresholds increased, the proportion of the population exhibiting the behavior decreased (Fig. 2a, b) . Importantly, the highest proportion of drug-users visited 1-2 prescribers or pharmacies when accessing their drug(s). Thirteen of these studies defined a threshold of misuse; nine studies (69.2 %) set the threshold of misuse as C3 prescribers or dispensing pharmacies. The thresholds defining misuse impacts on the extent of the problem reported across studies.
Cohort Definition (Drug-User and Misuse Cohorts)
Misuse was measured more frequently in drug-user cohorts (87 instances) than misuse cohorts (33 instances). The A strict cohort definition increased the reported extent of misuse; misuse cohorts had stricter cohort definitions than drug-user cohorts. In general, for drug-user cohorts a high reported extent of misuse reflected a low threshold for misuse, and for misuse cohorts the higher the reported extent of misuse, the stricter the cohort definition.
Time Period of Assessment
Measures of misuse were assessed from 7 days to 4 years. The most commonly investigated time period was 12 months, utilized in 44 % of instances of reporting misuse. Due to the heterogeneity of thresholds of misuse and cohort definitions, we were unable to make any further observations concerning the time period of assessment.
Factors Associated with Prescription Drug Misuse (ESM 9)
Fifteen studies investigated variations in the extent of misuse based on drug class (four studies), specific drug[s] (12 studies) and/or formulation(s) of interest (three studies).
Four studies compared the extent of misuse across different drug classes based on the same measure of misuse within each study and found opioid misuse was higher than benzodiazepine misuse (no statistical comparisons were performed) [36] [37] [38] [39] .
Six studies compared the extent of misuse for two or more drugs in the same class. In the opioid class, oxycodone (compared with tapentadol) and methadone (compared with morphine, oxycodone, fentanyl and hydrocodone) had a significantly higher risk of misuse-related behavior [40, 41] . Within the benzodiazepine class, three studies demonstrated that flunitrazepam had the highest extent of misuse compared with several other benzodiazepines [42, 43] . Within the antidepressant class, tianeptine (compared with mianserin) had the highest extent of misuse [44] . However, no statistical comparisons were performed in the benzodiazepine or antidepressant studies.
Three studies explored the influence of the drug formulation on the extent of misuse. A larger proportion of stronger benzodiazepines [42] and short-acting opioids [45] were dispensed to the misuse cohort compared with weaker or long-acting counterparts, respectively.
Justification of Measures of Misuse
Thirty-four studies reported a basic rationale for at least one measure of misuse by either citing previously published work (24 studies), mostly their own; using recommendations of an expert panel (six studies); and/or via empirical analysis (14 studies). Ten studies utilized more than one 
Comprehensiveness of Reporting Observational Studies
The median STROBE score was 27 (range 19-33; IQR 23-29) out of a possible 36. Many studies did not report basic cohort details, including sex (20) , age (18) and/or cohort size (8) . Studies did not identify how they managed any bias (26) , loss to follow up (39) , missing data (39) or sensitivity analyses (38) . Furthermore, 21 studies did not report the funding source. Forty studies were published from 2008, after the STROBE statement was published; the median STROBE score was 25.5 (range 19-31; IQR 22-30) for studies published prior to the STROBE statement, and 27 (range 19-33; IQR 24-29) for studies published post the STROBE publication.
Discussion
Our systematic review synthesized the global literature quantifying prescription drug misuse based on populationlevel, routinely collected data. Our aim was to examine the measures, extent and factors associated with prescription drug misuse. We found a high level of consistency in the behaviors measuring misuse across the 52 studies, reflecting common jurisdictional data holdings and the limited number of variables with the capacity to investigate misuse behavior in routine data collections. However, due to the heterogeneity in thresholds of misuse, cohort definitions and time period of assessment, we were unable to make definitive comparisons regarding the extent or factors associated with misuse across time or healthcare settings. Despite this significant limitation in the current literature, going forward, the international research community has the capacity to make significant and timely inroads in this field by developing and harmonizing minimum reporting standards for a core set of pre-defined metrics. Our review and recommendations are timely and highly pertinent to the recent FDA call for submissions regarding the post-market surveillance of specific prescription opioids [24] .
The harms associated with prescription drug misuse, particularly opioid misuse, have now reached epidemic proportions in many jurisdictions internationally [46, 47] . Despite the escalation in prescription drug use and consequences of misuse [8, 48, 49] , we have limited knowledge about the extent of, and variations in, population-level misuse globally. We propose that a comprehensive and harmonized evidence-base, underpinned by routinely collected data, monitoring the extent of prescription drug misuse, will add significant value to the global effort in quantifying this problem. Moreover, this effort will enhance our understanding of the impact of policy responses attempting to address this problem.
The use of dispensing claims for post-market drug surveillance is a cost effective means of monitoring longitudinal, population-level prescription drug use and misuse. Many regulatory and funding agencies use dispensing claims to monitor prescription drug use, misuse and/or diversion [23] . In this review, we demonstrate routine dispensing data are used increasingly in peer-reviewed literature to explore prescription drug misuse, with over 60 % of reviewed studies published since 2010. Findings from population-level, routinely collected dispensing/prescription data have the capacity to complement other methodological approaches, such as detailed medical record reviews, surveys and in-depth qualitative studies, to enhance our understanding of prescription drug misuse. Moreover, linking dispensing claims with other routinely collected health data, such as hospitalizations and vital status will also provide further insight into the risk factors and drug access patterns related to harm.
Our review has several limitations. It is not certain that all relevant studies were captured. Over 10,000 abstracts were reviewed and a comprehensive search strategy was employed to identify relevant articles [50] ; 14 studies were identified through back references, Scopus citations or Google Scholar searches, indicating the challenges of targeted searching and the diversity of keywords and subject headings used across studies. Articles that were not published in English were excluded; as nearly half of the included studies originated from Europe, we may have missed studies published in other languages [51, 52] . Our estimates of prescription drug misuse are solely from the perspective of the healthcare payer; we are unable to address access issues outside the dispensing episodes observed in the data including medication obtained illegally. The STROBE guidelines were applied to all studies, irrespective of publication date. However, the results did not vary considerably for studies published prior to or post STROBE statement publication. A search of journal contents was not undertaken due to the diversity of journals where the studies were published (32 different journals for 52 studies) [52] . These limitations do not impact our key findings. In fact, adding more studies is likely to contribute further to the heterogeneity we found across the field. Studies and metrics were categorized to synthesize the disparate literature. For example, misuse measures were categorized as stand-alone or composite measures. All measures based on a single behavior (e.g. C4 prescribers in 6 months) applied to a previously identified misuse cohort (e.g. C4 dispensing pharmacies in 6 months) were categorized as composite measures. These occurrences could have been categorized as standalone measures; however, this choice impacts on data presentation, not key findings. Finally, a key limitation of the literature is the notable absence of validation to establish whether the proxies actually measure misuse or are associated with harm [23] .
Despite these limitations, this is one of the most comprehensive systematic reviews of this field to date. Our review was highly focused on measuring prescription drug misuse in routinely collected data. Other published reviews focused on jurisdiction-specific literature [23, 47, [53] [54] [55] [56] , self-report or medical chart data to ascertain use [47, [55] [56] [57] , specific drug classes [23, 53, 54, 57] or patient populations [54] [55] [56] [57] . The interpretation of these reviews were also impeded by the heterogeneity in study design [54, 56] and/or methods [47, [54] [55] [56] . However, the authors of these reviews did not suggest any practical solutions for unifying research in the field. Our recommendations provide a foundation that will increase the dialogue between researchers and unify future routine monitoring and postmarket surveillance research (see Sect. 4.1). Our study complements two recent comprehensive reviews; one examining the patient, prescriber and environmental characteristics associated with opioid-related death [54] , and the other an overview by FDA researchers of the appropriateness of US data sources for measuring prescription opioid abuse [23] .
Reporting Recommendations
We have developed recommendations to harmonize the measurement and reporting of prescription drug misuse in routine data collections. These recommendations were not part of the original study objectives; instead they are underpinned by the learning in this review, particularly the challenges we faced in identifying studies and comparing the extent of misuse across studies (Box 2). Our recommendations center around three key areas: methodology (promotion of consistent metrics to determine appropriate measures of misuse), reporting (listing all drugs by generic name included in each study and the specifics of the misuse measures) and study nomenclature (where possible, consistency in the use of keywords including 'prescription drug misuse', that facilitate direct mapping to searchable subject headings). Future studies should combine these recommendations with the current standard reporting requirements for observational studies [26, 27] , which will support the current FDA initiative and add value across other jurisdictions.
Conclusions
Prescription drug misuse has reached epidemic proportions in the US and is fast increasing in other jurisdictions. Despite the consistency in data holdings and behaviors used to define misuse in routine data collections we found considerable variation in measures of prescription drug misuse, cohort definitions and time periods of assessment. The adoption and modification of policies targeting prescription drug misuse are easier to argue for (or against) when the impacts are measured robustly and reproducible effects have been demonstrated across multiple settings. Thus, having consistent metrics for prescription drug misuse across jurisdictions is a very simple step, but one with potentially far-reaching consequences. 
